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Apparatus and method for producllon planning. 

I Apparatus for pixyduction planning In a manufacturing fadlity b provided. The apparatus comprises 
means (10) Ibr generating a plurality of theoretical plans and a constraint-based model for receiving one 
of the theoretical production plans, and applying al least one constraint (18, 20) thereto. Further, a cost 
function (16) is computed for the theoretical producUon plans. Means is then provided for searching for 
a feasible production plan among tha plural!^ of theoretical plans, whare the feasible plan Is ttie plan 
which does not violata the applied constraint and has tiie least computed cost function. 
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TECHNICAL FHELD OF THE INVENTION 

This Invention relates In seneral to the field of scheduling systenw. More paitloulaily. the present Invention 
relates to apparatus and a method for production planning. 

BACKGROUND OF THE INVENTION 

Production planning is the process of choosing work to be started in a manufacturing faclll^ during some 
Ajture Ume period so that perlbrmanee is maximized. Work is usually selected from a vaneV of product types 
which may requb* different resourcpes and serve different customers. Therefore, the selection must optmize 
eustomeriidependent performance measures such as cyde time and customcrKlependent perfomiance 

measures such as on-time delivery. ^ ^ j « m.. e . 

The reasons fbrrequlring advanced production planning may be unique to each manufacturing facility. For 
example one facility may require advanced planning so that materials may be ordered and dehvered in bme 
Ibr manufacture- Anotherficaity may require advanced planning In order to make delivery commitments or pre- 
dict delays In product dellveiy. ^ ,,. ^ t^f 

In OKJer to conflgure a productton plan which yields the best perfomnance. the capacity, or the amoun of 
work the f^cflity can handle, must l>e modeled In some fashkm. since starting wortc above the capacity of ttie 
(lenity compromises perfbnnance and brings forth no benefits. Conventional factory wpaciftr mod^s ernploy 
sImplMteady-statelinearrelations that lndude:(1) the averageanwuntofavaBaWewoiktirnefbreach 
in the factory and (2) the amount of work each product requires of each machine. From the above linear rela- 
tions. a gh«n start plan la within capacity if. for each machine, the total required amount work is: (1) le» 
than the machine's available time, and (2) multiplied by a predetemUned fraoBon goal utBization of the start 

"^"^There are several problems associated with a linear production planning program. Becauae of the large 
problem size, variables In linear programs must be expressed in non-Integer quantlttes '"O^^^to yield good 
solutions. As a result, fractional start quantities may be generated which must be converted into discrete start 
duantitles. Such fbrced conversion sacrifices the goodness of the solution. . , u . « 

Addlttonally. non-linear relattonshlps cannot be modeled In a linear program. Examples of such relatton- 
ships are the expected yield for a products start quantity, and the cost of surplus and delinquency. Such non- 
linear relationships have been traditionally coerced Into linear expresstonsvirtthlMs of precision. 

Tlie laige problem size presents another obstacle for linear production plannbig programs. Even V a plan- 
ning oroWran can be expressed in a linear program, the problem size may prohibit efficient soluHon via oorv- 
venttonal linear programming techniques. This problem has not been overcome in the industry without sutv 
stantlallossofoptlmality inthesohJtton. ^ ^ . 

Therefore a need has arisen for apparatus and method to fbmiulate a piDducUon plan for a manufactunng 
facility that acijommodates integer variables, allows non-linear expresstons and provides a near ophmal pro- 
du<^n plan despite the large problem size. 

SUMMARY OF THE PWEMTION 

In accordance with the present Invention, apparatus and method for production planning are provided which 
substantially eliminate or reduce disadvantages and problems associated with prior production Planners. 

In one aspect of the present invention, apparatus for productton planning in a manufactunng fbcflity b pro- 
vMed The apparatus comprises means for generating a plurality of theoretical plans and a constrabittased 
model for evaluating one of the theoretical productton plans, and applying at least one constraint thereto. 
Further a cost funcUon is computed for each of the theoretical production plans. Means is then provided for 
searching forafeaslble productton plan among the plurality of theoretical plans that does not violate any of the 
aDDliedconstrainte and has the least computed oostfunctton value. ^ .. ^ , u. 

In another aspect of the present invention, apparatus for production planning in a manufacturing ^cility Js 
Dtovided The apparatus comprises means for computing the capacity of the factory in order 1» produce the 
d^milned quantlttes and types of product, means for computing the maximum factory opacity and means 
foVSS^ the computed production capacity with the maximum factory eapaonr. Further included are 
mLSbroSnpuHng the cost of producing the detennined quantities and types of product in response to he 
IJ^S^producttoncapacltybelnglessthanorequaltothemaxImumfactory capacity andmeansforsetecting 

a woduction plan that has the least computed cost function value. . , , 

TXnother aspect of the present invention, a method for generating a production plan lor a manufac- 
toiiingfacfllty is provided. Which comprises the steps of initializing the production plan, and generattng a plurality 
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of proposals to modrfy the production plan. At least one cx>n3traint is fbnnulated and applied to the production 
plan as modified by each of the plurality of proposals. Any proposal wtiich causes the production plan to con- 
tradict the constraints is then discarded, after which the cost of implementing the production plan as modified 
by each of the remaining proposals is computed. A proposal which causes the production plan to have the least 
5 computed cost Is selected and the above step>s are repeated untO no proposals remain after ttie discarding ste p. 
The current production plan is then offered as the solution production plan. 

An important technical advantage of the present invention provides a formulation of production planning 
as a cost minimization problem using constraint-based models. 

Another important technical advantage of the present Invention provides a production planner which 
10 employe a heuristic eearoh algorithm which Iteratively manipulates a starting plan to reduce the plan cost until 
no furtfier manipulation Improves the plan. 

Yet another important technical advantage of the present invention provides a more accurate production 
planner which accommodates real variables and linear equalities as weO as integer variables and non-linear 
equalities. 

16 

BRIEF DESCRIPTION OF THY DRAWINGS 

For a better undeistanding of the present invention, reference may be made to the accompanying drawings, 
in which: 

20 FIG. 1 is a simplified block dlagramm showing the inputs and outputs of the present invention; 

FIG. 2 is a flowchart of a heuristic search algorithm in the preferred embodiment of the present invention; 
and 

FIG. 3 is a constraintllow diagram illustrating a planning model in the preferred embodiment of the present 
invention. 

25 

DETAILED DESCRIPTION OF THE INVENTION 

With reference to the drawings, FIG. 1 illustrates some of the input and output parameters of a preferred 
embodlntent of the apparatus and method for production planning for a manufacturing facility, indicated gen- 

30 erally at 10 and constructed accordingto the teaching of the present invention. In order to fbnnulate a production 
plan 12, production planner 1 0 takes into consideration inputs such as customer demand 14. Customer demand 
14 may specify the quantity and type of products ordered by the custonter, and the delivery date of the order. 
Customer demands 14 may also be prioritized in the order of importance. The output or end product of the man- 
ufacturing facOi^, when produced in accordance with production plan 12, should preferably nteet customer 

35 demand 14 and yet not result in an over abundance in inventory. SimOariy, there Is also penally when customer 
demand 14 is not met by the production plan 12. Therefore, associated with each production plan 12 is a plan 
cost 1 6, which represents the cost of implementing the plan. 

Another set of inputs 1 8 describes the constraints placed on production planner 10 from facHlty related par- 
ametera, such as machine capacity, down time, etc. Therefore, the production volume is checlced by facility 

40. Gonslraints 18. Additional constraints 20 arising from the operation of the facOity, such as yield, surplus and 
woric-in-process, also regulate the production quantity and type of product that should be started. 

Referring to FIG. 2» a flowchart 30 of a heuristic search algorithm of the preferred embodiment of the present 
invention 10 is shown. The present Invention employs the heuristic search algorithm to search for a suitable 
plan which specifies the product type and quantity to be started at the tKsginning of the next planning period 

45 without inciffring high cost or violating any facility or operational constraints 18 and 20. The search algorithm 
starts by setting the quantities for all product types to zero. For a semiconductor wafer fobrication facility, this 
equates to setting the number of lots to be started to zero for all device types. This results in the worst and 
highest cost plan, since by producing nothing, none of the customer demands will be met. 

From the initial zero plan, a set of operators which proposes changes to the plan is generated, as shown 

50 in blocic 34. The operators may propose to modify the plan in two ways. They may increase the number of lots 
to be started by one for a particular device type, orthey may set the number of lots to a determinable number, 
so that critical customer orders for each device are covered. All operetore reachable from the current plan In 
the atxyve-identified ways are generated and examined lo detenmine their feasibility. Those operatore which 
generate plana that contradict facility or operational oonstreints are eliminated from the search, as shown in 

65 block 36. 

If there are remaining operetore, as determined in decision block 38, then a plan cost Is computed for each 
remaining proposed plan. Of the remaining operators; the one which yields the most decrease in computed 
plan cost per addition to woric is selected, as shown In block 44. The change in wort( ntay be defined as the 

3 
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EXPECTED_SURPLUS (PRODUCT) - 

MAX { 0 / AVG_OUTPUT ( STARt S (PRODUCT) ) - 
TOTAL_DEMAND (PRODUCT) , and 

5 

If STARTS (PRODUCT) > 0 then 

BXPECTED_SURPLUS (PRODUCT) / TOT AL^DEMAND (PRODUCT) 
^0 p MAX_SaRPLUS_DEMAND_RATIO. 

EXPECTED_SURPLUS(PRODUCT) Is the expected surplus for each product; AVG_OUTPUT(STARTS{PRO- 
DUCT)) equals to STARTS<PRODUCT) • AVQJVIELD (PRODUCT); TOTAL_DEMAND(PRODUCT) Is the 

15 amouitt of all known demands for each product, including non-8tartat)l6 demands; and MAX_SURPLUS 
DEMAND_RATIO Is an Input parameter predetermined by facility personnel. 

From the foregoing, it may be seen that surplus feasibility constraint 73 states that if the lot^rt numt>er 
is posftive for a product, surplus is acceptable if the ratio of expected surplus to total demand (computed from 
customer demand 74) does not exceed MAX_SURPLUS_DEMAND_RATIO. 

20 A facfll^ may choose lo aoeommodate partial lots which contain a fewer number of wafers than a full lot. 
Partial lots ara useful to meet small customer demands, but tend to utilize certain machines poorly, such as 
l>atch machines like ovens. Therefore, m orderto ensure good faciify utilization, apartial lotfeasibaityoonstraint 
75 is applied to the number of starting lots 50. From the numi)er of starting tots for each product 51-63, the 
number of partial lots 76 and full lots 77 are computed by partial lot count and full lot count constraints 78 and 

25 79, respectively. Partial tot feasibility constraint 75 may be expressed by the following: 
If NUM_FULL.LOTS > 0 then 

NUM^PART LOTS/NUM_FULLJ.OTS |i MAX_PART_LOT_RATlO, 
where lMAX_PART_LOT_fMTtO is an input parameter detemilned by facility personnel. 

Returning to Mode 36 In R6. 2, It may be seen that the above-described capacity, surplus feasibility, and 

so partial M feaslbaity constrainte are applied to the plan modification proposed by each operator, and those 
operators whteh contradict the constrainte are removed from the search. It is important to note that although 
specific constrainte are shown herein, they maraiy serve as examples of how constraints may be used in the 
present invenUon to compute a pioductton plan. Therefore, other constrainte known in the art may be applicable 
to the present Invention and era within the scops thereof. 

S5 In block 42, those remaining operators are applied to the current plan to compute the cost of the modlTied 
plan. This computation is shown in FIG. 3. The number of lote to be started for each product type 51-53 are 
subject to a yield constraint to compute an expected yield 81 for each device type 82-84. In the preferred emtso- 
diment of the present invention, yield constraint 80 may be expressed by the following statistical formula: 
YIELD(PRODUCTl = 

40 AVG-YIEI-D(PRODUCT) * START(PRODUCT) - 

VARIANCE(PRODUCT) * S(»T(START(PRODUCT)) • K 
The average yield and variance of each product, AVQ_YlELiD(PRODUCT) and VARIANCE(PRODUCT), bib 
computed from previous yield values. K desired, trend analysis and other methods to achieve better yield pre- 
diction may also be used. K te an input parameter specifying a measure of confidence in the chance that at 

45 least YIELD wai be produced from START for each product type. From the foregoing, it may be recognized that 
higher K or oonFidence results In production of sufficient quantity to more firequently meet customer demand. 
However, mom inventory may be produced, since more lote are started per demand. 

Expected yield for each device type 82-84 is subject to demand constrainte 85 and pull-ahead constrainte 
86 to compute push cost and pull cost per device 87 and 88, respectively. Push cost 87 is defined as the cost 

50 Of not covering customer demand and pull cost 88 is defined as the cost of producing orders ahead of time. 
Therefore, demand constraints 85 and pull-ahead constr^nte receh^e Input from customer dennand 74. There 
are known formulas for computing the push and pull coste, and will not be discussed further herein. 

The push coat per device 89-91 and pull cost per device 92-94 are sumnted independently by summation 
constrainte 95 and 96 to calculate for the totel push cost 97 and totet pull cost 98 of the plan. The totel push 

55 and pull coste 97 and 98 ara summed again by a third summation constraint 99 to yield the total cost 100 of 
Ihepian. 

As menttoned above, the total plan cost 100 provides a measure of the goodness of the plan. If an operator 
proposes a plan that coste the least and adds the least amount of work among all remaining operators and 

5 
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yields no feasible children operators In the search tree, then the plan proposed by the operator is the solution 
plan. 

Preferred embodiment Features 

Various important features of the prefen-ed embodiment are summarized beiow. 
An apparatus for production planning in a manufacturing feellity. where the feciiity manufactures quantiUes 
of at least one type of pixxJuct to meet customer demand, the apparatus including means for determining a pr». 
duction plan inciuding the quantifies and types of product to be produced, means for producing the capacity of 
the factory in order to produce the determined quanfitles and types of product, means for computing the 
maximum factory capacity, means for comparing the computed production capacity with the maximum factory 
caoacity means for oompuUng the ooslof producing the determined quantities and types of product per addition 
toworicin response to the computed production capacity being less than or equal to the maximum factory 
capacity and means for selecting a production plan that incurs the least cost per addition to worie Such an 
apparatus may also include means for receiving the quantities and types of product demanded by customera, 
as well as means tor computing a surplus feaslbfllty constraint that describes the quantities and types of product 
which are expected to yield large surpluses when compared to the customer demand. Furthenmore. this cost 
computing means computes production cost In response to the detennnined quantities and types of product not 
generating large surpluses as compared with the surplus feasibflity constraint The capacity computing means 
may ftjrther Include means fbr modeling the machine capad^ In the manufacturing facility and means for conr»- 
puting matrfiine usage required for the quanWies and types of product using the machine capaaly model. 
Additionally the capacity computing means may further comprise means tor storing and supplying machine 
availability data, means tor storing and supplying the number of work hours of the manufacturing facility^earis 
for computing the wortt-in-process woridoad. and means tor computing the maximum usage per machine In 
response tottie machine avaflabaity date, number of work hours, and work-in-prooeas woiWoad. The cost cent*- 
putlna means may also comprise means fbr computing the push cost incurred by not producing enough quan- 
tities to meet the customer demand, as well as means for computing the pull cost incurred by producing ahead 
of schedute delivery tme. Such cost computing means may also comprise means fbr summmg the push and 
pull cost to detertrJne a total plan cost Moreover, the above production planning apparatos. wherein the man- 
ufactaring tacHity prwduoes units of a predetermined quantity of product and partial units of another predeter- 
mined quantity of product, may further include means tor computing the number of units of each product to be 
produced means for computing the number of partial units of each product to be produced, means for deter- 
mining ttie feasibility of producing the computed number of units and partial units, and the cost computing 
means computing the cost in response to producing the computed number of untts and partial unite being teas- 

A method fbr generating a production plan for a manufacturing facility. Includes the steps of Initializing the 
production plan, generating a plurality of proposals to modify the production plan, formulating at least one con- 
streht applying the at least one constraint to ttie production plan as modified by each of the plurality of pro- 
posals discarding any piopoeal which causes the production plan to contradict the constraints, computing the 
cost of implementing the production plan as modffied by each of tiie remaining proposals, selecting a proposal 
whtoh causes ttie production plan tohave the least computed cost, repeattog all of these steps until no proposals 
remain after the discarding step, and providing ttie current production plan as a solution production plan. The 
constramt fomwlating and applying steps may include the steps of formulating and applying a production 
capadW constraint of ttie manufacturing facBity to ttie ttieoreUcal plan, where the manufactunng facility may 
have at least one machine and wherein ttie capacity constraint fonmulating step may farther comprise ttie steps 
of storing and providing the availability of each machine, controlling ttie woric-in-process vrorkload. storing and 
providing ttie number of work hours of ttie manufacturing facility, and receiving the machine avaflabflity. woik- 
in-process and wortc hours and computing ttie maximum amount of usage of machine. Additionally, the capacity 
constraint forniulating step may include the steps of storing and providing the amount of usage per machine, 
and receiving ttie machine usage and computing the amount of cunent usage per machine in response thereto. 
Such capacity constraint formulating step may additionally include ttie step of forniulating tiie production 
capacity of ttie manufacturing facility In response to the maximum usage per machine and the current usage 
DOT machine Moreover. Uie constraint fonnulating and applying steps may comprise ttie steps of fomwlating 
and applying a constraint which describes ttie amount of surplus that may be feasibly produced by the man- 
ufacturing faculty, wherein the manufacturing facility produces at least one type of product, and wherein the 
surplus feasibility constraint formulating step may also comprise computing expected surplus per product type 
m response to the ttieoretical pixjduction plan as well as formulating ttie surplus f easibllityconstraint In response 
to ttie computed expected surplus. Furthermore, ttie manufacluring facility manufactures in unite of a fbced num- 
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ber and also in partial units of a number less than the fixed number, wherein the constraint foimulatlng and 
applying steps of the above-descrik>ed nnethod csomprise the steps of formulating and applying a constraint 
which describes the number of partial production units that may be feasibly Initiated by the nwnufacturlng fa- 
cility. The partial unit feasibility constraint formulating step may indude the steps of computing the number of 

5 units that are required to be initiated in response to the theoretical production plan, computing the number of 
partial units that are required to be initiated in response to the theoretical production plan, and formulating the 
partial unit feasibility constraint in response to the computed number of units and partial units required for the 
theoretical production plan. Lastly, the manufacturing facnity produces at least one type of product wherein 
the cost function computing step may indude the steps of computing an expected yield per product type, recelv- 

10 ina customer demand, computing a push cost per produd type in response to the computed expected yield 
and the received customer demand . computing a pull cost per product type in response to the computed expeo 
ted yield and the received customer demand, and computing a cost tunction of the production plan in response 
to the conr«>uted push and pull costs. ^ , « 

Although the present invention has been described in the environment of a semiconductor wafer fabrication 

IS facility, the constraint-based model combined with the heuristic search algorithm as taught by the present inven- 
tion is applicable to other production environments. 

Furthennore, it should be understood that various changes, substitutions and alterations can be made 
hereto without departing from the spirit and scope of the present invention as defined by the appended daims. 



20 

Claims 

1, Apparatus for production planning in a manufacturing facility, oonnprising: 

means for generating a plurality of theoretical plans; 
25 a constraint-based model for receiving one of said theoretical production plans, and applying at 

least one donstraint thereto; ^ , ^ »s 

means for computing a cost fundion per addition to work in response to said theoretical production 
plan; and heuristic means for searching for a feasible production plan among said plurality of theoretical 
plans, said feasible pian not violating said applied constraint and having the ieast computed cost function 
so value per addition to woric. 

2. The apparatus, as set forth In daim 1, wherein said constraint-based model applies a plurality of con- 
straints to each said thsoreticat producfion plan, and said feasible plan does not violate any of said plurality 
of constraints. 

^ 3. The apparatus, as set forth in claim 1 . wherein said constraint-based model comprisoa means for applying 
a production capacity constraint of said manufecturing facflity to said thaoratical plan. 

4. The apparahjs, as set forth In dafcn 3, said manufacturing ISacillty having at least one machine and wherein 
40 Mid capacity constraint applying means forther Indudes: 

means for storing and providing the availabliity of each machine; 
means for controlling the amount of worit-irvprocass; 

means for storing and providing the number of woil^ hours of said manufacturing facility; and 
meana ftor receiving aaid machine availability, wortc-in-process and wortc houra and computing the 
45 maximum amount of usage of said machine. 

5. The apparatus, as set forth in daim 4, wherein said capacity constraint applying means Indudes: 

means for storing and providing the amount of usage per machine; and 
means for receiving said machine usage and computing the amount of cun^nt usage per machine 
so in response thereto. 

e The apparatus, as setforth in daim 5. said capadty constraint applying means forther comprises means 
for fomwiatlng said production capadty of said manufacturing f adlity in response to said maximum usage 
per machine and said cun«nt usage per machine. 

7 The apparatus, as sat forth in daim 1 , wharain said constralnt-basad model comprises means for applying 
a constraint which describes the amount of surplus that msy be feasibly produced by said manufacturing 
fadllty. 
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8. The apparahjs. as set forth in claim 7. said manufacturing facility producing at least one type of product, 
and wtierein said surplus feasibility constraint applying nrwans further comprises: 

means for computing expected surplus per product type In response to said theoretical production 

5 plan, ^^^^^^ forfonnulaling said surplus feasibility constraint in response to said computed expected sun 

plus. 

9 The apparatus, as set forth in claim 1 , said manufacturing facility manufachjres in units of a fixed number 
and also in partial units of a number less than said fixed number, wherein said constraint-based model 

to comprises means for applying a constraint which describes the number of partial production units thalmay 

be feasibly initiated by said manufacturing facility. 

10 The apparatus, as set forth In dalm 9, saW partial unit feasibility constraint applying means comprises: 

means for computing the number of units that are required to be initiated in response to said thaoretK 

iS cal f*"^"^^^^^ number of partial units that are required to be Initiated In response to said 

theoretical production plan; and 

means for fbmiulating said partial unit feasibility constraint in response to said computed number 
of units and partial units required for said theoretical production plan. 

^ 11. The apparatus, as set forth in claim 1 , said manufechiring facility producing at least one type of pitxluck, 
and wherein said cost function computing means comprises: 

means for computing an expected yield per product type; 

maans for receiving customer demand; ^ ^ , ,^ 

means fbr eomputing a push cost per product type In response to said computed expected yield 
and said recehred customer demand; 

means fbr computing a pull cost per product type In response to said computed expected yield and 
eaid received customer den«nd; and 

means for computing a cost function of said production plan In response to said computed push 

30 and pull costs. 

12. The apparatus, as set forth In dalm Z wherein said theoretical productfon plan generating means com- 

means for modifying a theoretical plan and generating a plurality of children theoretical plans; 
35 constructing a tree having said theoretical production plan as a root node and said plurality of chil- 

dren theoretical production plans as leaf nodes. 

13 The apparatus, as set forth In daim 12, wherein said heuristic searching means forther comprises: 

means for discarding any leaf node containing a children theoretical producHon irfan Vfhich oon- 
40 tiadlct said plurality of applied constraints; 

means for selecting from among remaining leaf nodes a theoretical production plan which incurs 

^^^meais fbrproviding a solution production plan all of whose children production plans contradict said 
applied oonstiaint. 

^ 1 4, A method for production planning in a manufacturing facility, comprising the steps of: 
generating a plurality of theoretical plans; 

receiving one of said theoretical production plans, fonnulating a plurality of constraints In response 
to said received theoretical plan and applying said formulated constraint thereto; 
« computing a costfonction divided by the addition to woric in response to said theoretical production 

plan- and searohing for a feasible production plan among said plurality of theoretical plans, said feasible 
plan not violating said applied constraint and having the least computed cost fonction value per addition 
to work. 



69 15. 



The method, as set forth in daim 14. wherein said constraint fomiulalinQ and applying step comprises tlie 
step of fonnulating and applying a production capacity constraint of said manufechiring facility to said 



thaoratical plan 
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18. The method, as set forth in daim 16. said manufacturing facility having at least one machine and wherein 
said capacity constraint formulating step further comprises the steps of: 
storing and providing the availability of each machine; 
controlling the work-in-process work load; 

storing and providing the number of work hours of said manufacturing facflity; and 
receiving said machine availability, wori^-ln-process and wortc hours and computing the maxlmunr^ 
amount of usage of said machine. 

17. The method, as setfbrth in daim 16, wherein saki capadty constraintfom^ulating step comprises the steps 
of. 

storing and providing the amount of usage per machine; and 

receiving said machine usage and computing the amount of current usage per machine in response 
therBto* 

18. The method, aa set forth in daim 17. said capacity constraint formulating step further comprises the step 
of fomiulating said production capacity of said manufacturing fBclllty In response to said maximum usage 
per machine and said current usage per machine. 

18. The method, as set forth in daim 14, wherein said constraint fomiutating and applying step comprises the 
step of formulating and applying a constraint which describes the amount of surplus that may be feasibly 
pfodueed by aaki manufacturing ffaeaily. 

20. The method, as set forth In daim 19. said manufacturing facility piodudng at least one type of product, 
and wherein sakJ surplus feasibility constraint fonmulating step further comprises: 

oomputing expeded surplus per product type in response to said theoretical production plan; and 
fomiulating said surplus feasibility constraint In response to said computed expected surplus. 

21. The method, as set forth in daim 14, said manufacturing facility manufactures in units of a fixed number 
and also In partial units of a number less than saW fixed number, wherein said oonstraint formulating and 
applying step comprises the step of fbnnulating and applying a constraint which describes the number of 
partial produdion units that may be feasibly initiated by said manufacturing facility. 

22. The method, as setforfh in daim 21, saW partial unit feasibility constraint fbnmulafing step comprises the 
steps of: 

computing the number of units that are required to be initiated In lesponse to said theoretical pre- 
dudion plan; 

computing the number of partial units that are required to be initiated in response to said theoretical 
produdion plan; and 

formulating sakt partial unit feasibility constraint In response to saM computed number of units and 
partial units required for said theoretical produdion plan. 

23. The method, as set forth in daim 14, said manufeduring facflity producing at least one type of product, 
and vi^ereln saM cost function computing step comprises the steps of: 

computing an expeoted yield per produd type; 
recatvlng customer demand; 

computing a push cost per produd type In response to saki computed expected yield and saM 
received ouatomer demand; 

computing a pull cost per product type In response to said computed expected yidd and said 
received customer denuind; and 

computing a costfiindion of said production plan in response to said computed push and pull costs. 

24. The method, as set forth in daim 14, wherein said theoretical production plan generating step comprises 
the steps of: 

modrfying a theonatical production plan and generating a plurality of children theoretical production 

plans; 

construding a free having said theoretical produdion plan as a root node and said plurality of chil- 
dren theoretical production plans as leaf nodes. 



EP 0 466 728 A2 



25. The method, as set forth in claim 14, wherein said searching step further comprises the steps of: 

discarding any leaf node containing a children theoretical production plan which contradict said 
plurality of applied constraints: 

selecting from among remaining leaf nodes a theoretical production plan which has the least com- 
5 puted cost (unction value: and 

modifying said selected production plan to generate another plurality of children theoretical produo- 
tlon plans; 

repeating said above steps until all children production plans from a selected production plan con- 
tradict said plurality of constraints: and 
. io providing aald last selected production plan as a solution production plan. 
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